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Fig. 2B
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Fig. 2F
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Fig. 3B
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1
METHOD OF MANUFACTURING MASK

CROSS-REFERENCE TO RELATED
APPLICATION

This U.S. non-provisional patent application claims pri-
ority under 35 U.S.C. §119 of Korean Patent Application
No. 10-2013-0034662, filed on Mar. 29, 2013, the contents
of which are hereby incorporated by reference in its entirety.

BACKGROUND

1. Field of Disclosure

The present disclosure relates to a method of manufac-
turing a mask. More particularly, the present disclosure
relates to a method of manufacturing a mask using a laser
beam.

2. Discussion of the Related Technology

In general, a mask is used to pattern a thin film layer
formed on a substrate and includes an opening pattern
formed therethrough to correspond to the pattern of the thin
film layer. The mask is widely used to pattern thin film layers
formed on a semiconductor device or a display panel.

Meanwhile, when an organic electroluminescent display
panel is manufactured, a metal mask is used to form an
organic light emitting layer of the organic electrolumines-
cent display panel using an evaporation method. The metal
mask may be a fine metal mask (FMM) with a thin thickness
and provided with openings formed therethrough to corre-
spond to pixels of the organic electroluminescent display
panel. Accordingly, when the metal mask is disposed on the
substrate and the evaporated organic material is provided to
the substrate and the metal mask, the organic material is
deposited on the substrate in accordance with positions of
the openings.

In general, the openings are formed by performing a wet
etch process on the metal mask. However, as the metal mask
increases in size and thickness, the openings of the metal
mask are difficult to be precisely formed as designed by
using the wet etch process, and a time required to form the
openings is increased.

SUMMARY

The present disclosure provides a method capable of
easily manufacturing a mask using a laser beam.

Embodiments of the inventive concept can provide a
method of manufacturing a mask. A mask substrate that
includes a first area and a second area surrounding the first
area when viewed in a thickness direction of the mask
substrate is provided. Then, a laser beam is irradiated on the
mask substrate to at least partly remove a material of the
second area. After that, a physical force is applied to the
mask substrate to separate the first area from the mask
substrate, thereby forming an opening through the mask
substrate.

Embodiments of the inventive concept can further provide
a method of manufacturing a mask. A mask substrate that
includes a first area and a second area surrounding the first
area when viewed in a thickness direction of the mask
substrate is provided. Then, a laser beam is irradiated on the
mask substrate to at least partly remove a material of the
second area such that the first area is separated from the
mask substrate.

According to the above, the first area or unprocessed
portion is divided from the mask substrate by irradiating the
laser beam onto the second area or processing portion, and
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then, the unprocessed portion is separated from the mask
substrate by applying the physical force to the unprocessed
portion. As a result, the mask having the opening is formed.
Therefore, the amount of the laser beam irradiated onto the
mask substrate when the unprocessed portion is separated by
forming the recess using the laser beam is smaller than the
amount of the laser beam irradiated onto the mask substrate
when the unprocessed portion is removed by irradiating the
laser beam onto the first area. As a result, the mask substrate
may be protected from overheating and deformation while
the mask substrate is processed by using the laser beam, so
that the mask substrate may be more precisely processed. In
addition, a time required to manufacture the mask may be
reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other advantages of the present disclosure
will become readily apparent by reference to the following
detailed description when considered in conjunction with the
accompanying drawings wherein:

FIG. 1 is a perspective view showing a mask manufac-
turing apparatus according to an exemplary embodiment of
the present disclosure;

FIGS. 2A to 2F are views showing a method of manu-
facturing a mask using the mask manufacturing apparatus
shown in FIG. 1;

FIGS. 3A to 3C are views showing a method of manu-
facturing a mask according to another exemplary embodi-
ment of the present disclosure; and

FIG. 4 is a view showing a method of patterning an
organic light emitting layer of an organic electroluminescent
display device using a mask shown in FIG. 2F.

DETAILED DESCRIPTION

It will be understood that when an element or layer is
referred to as being “on”, “connected to” or “coupled to”
another element or layer, it can be directly on, connected or
coupled to the other element or layer or intervening elements
or layers may be present. In contrast, when an element is
referred to as being “directly on,” “directly connected to” or
“directly coupled to” another element or layer, there are no
intervening elements or layers present. Like numbers refer to
like elements throughout. As used herein, the term “and/or”
includes any and all combinations of one or more of the
associated listed items.

It will be understood that, although the terms first, second,
etc. may be used herein to describe various elements,
components, regions, layers and/or sections, these elements,
components, regions, layers and/or sections should not be
limited by these terms. These terms are only used to distin-
guish one element, component, region, layer or section from
another region, layer or section. Thus, a first element,
component, region, layer or section discussed below could
be termed a second element, component, region, layer or
section without departing from the teachings of the present
invention.

Spatially relative terms, such as “beneath”, “below”,
“lower”, “above”, “upper” and the like, may be used herein
for ease of description to describe one element or feature’s
relationship to another element(s) or feature(s) as illustrated
in the figures. It will be understood that the spatially relative
terms are intended to encompass different orientations of the
device in use or operation in addition to the orientation
depicted in the figures. For example, if the device in the
figures is turned over, elements described as “below” or
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“beneath” other elements or features would then be oriented
“above” the other elements or features. Thus, the exemplary
term “below” can encompass both an orientation of above
and below. The device may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein interpreted accordingly.

The terminology used herein is for the purpose of describ-
ing particular embodiments only and is not intended to be
limiting of the invention. As used herein, the singular forms,
“a”, “an” and “the” are intended to include the plural forms
as well, unless the context clearly indicates otherwise. It will
be further understood that the terms “includes” and/or
“including”, when used in this specification, specify the
presence of stated features, integers, steps, operations, ele-
ments, and/or components, but do not preclude the presence
or addition of one or more other features, integers, steps,
operations, elements, components, and/or groups thereof.

Unless otherwise defined, all terms (including technical
and scientific terms) used herein have the same meaning as
commonly understood by one of ordinary skill in the art to
which this invention belongs. It will be further understood
that terms, such as those defined in commonly used diction-
aries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant
art and will not be interpreted in an idealized or overly
formal sense unless expressly so defined herein.

Hereinafter, embodiments of the present invention will be
explained in detail with reference to the accompanying
drawings.

FIG. 1 is a perspective view showing a mask manufac-
turing apparatus 1000 according to an exemplary embodi-
ment of the present disclosure.

Referring to FIG. 1, the mask manufacturing apparatus
1000 is used to process a mask substrate MS which is a plate
material and manufacture a mask MK (refer to FIG. 2F).
Here, the mask MK is used to pattern an organic light
emitting layer of an organic electroluminescent display
device. In detail, the organic light emitting layer is formed
by depositing an evaporated organic material on a substrate,
and the mask MK is disposed on the substrate to define a
position in which the evaporated organic material is depos-
ited. This will be described in detail with reference to FIG.
4.

The mask manufacturing apparatus 1000 includes a cham-
ber CB, a laser beam generator 50, a laser beam irradiator
100, and a stage 200. The chamber CB includes a space
therein to receive the mask substrate MS. The chamber CB
is formed of a transparent material, e.g., glass, to transmit a
laser beam LB.

The laser beam generator 50 and the laser beam irradiator
100 are disposed above the chamber CB. The laser beam
generator 50 receives a source voltage and generates the
laser beam LB, and the laser beam LB generated by the laser
beam generator 50 is provided to the laser beam irradiator
100. In the present exemplary embodiment, the laser beam
LB may be, but not limited to, a microwave with a pulse
width of about 10 picoseconds.

The laser beam irradiator 100 condenses the laser beam
LB and controls the laser beam LB to allow the laser beam
LB to travel toward the mask substrate MS. To this end, the
laser beam irradiator 100 may include an optical lens, such
as a focusing lens, an f-theta lens, etc. As an example, the
laser beam irradiator 100 may be a galvano scanner.

In addition, the laser beam irradiator 100 may include a
beam splitting element to split the laser beam LB into a
plurality of laser beams. For instance, the beam splitting
element may be, but not limited to, a diffractive optical
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element (DOE) lens. In this case, the DOE lens divides the
laser beam LB into the laser beams using a diffraction
phenomenon.

Meanwhile, the laser beam generator 50 and the laser
beam irradiator 100 should not be limited to the above-
mentioned configurations.

The stage 200 is disposed in the chamber CB and the
mask substrate MS is disposed on the stage 200. In the
present exemplary embodiment, the mask manufacturing
apparatus 1000 may further include an actuator or a driver
(not shown) coupled to the stage 200 to move the stage 200.
In this case, the stage 200 moves to a first direction D1, a
second direction D2, or opposite directions to the first and
second directions D1 and D2 by the driver in the chamber
CB. Therefore, the position of the mask substrate MS, at
which the laser beam LB is irradiated, may be easily
controlled by moving the stage 200.

The mask substrate MS is a plate material required to
manufacture the mask MK (refer to FIG. 2F) using the mask
manufacturing apparatus 1000. The mask substrate MS is
formed of a metal material, e.g., a stainless steel, and has a
thickness in a range from a few micrometers to hundreds of
micrometers. In one embodiment, the thickness is from
about 1 micrometer to about 1000 micrometers. In another
embodiment, the thickness is from about 10 micrometers to
about 100 micrometers. In another embodiment, the thick-
ness is about 50 micrometers. Hereinafter, a method of
manufacturing the mask MK using the mask manufacturing
apparatus 1000 will be described in detail with reference to
FIGS. 2A to 2F.

FIGS. 2A to 2F are views showing the method of manu-
facturing the mask using the mask manufacturing apparatus
shown in FIG. 1. In embodiment, a laser ablation process
can be used for partly or completely removing selected
portions of the mask substrate. The mask substrate MS
includes plural processing areas PA, but a portion of the
mask substrate MS including some processing areas PA are
shown in FIGS. 2A to 2F.

Referring to FIG. 2A, the mask substrate MS has a plate
shape with a flat upper surface and includes the processing
areas PA spaced apart from each other. Each of the process-
ing areas PA includes a first area Al and a second area A2
surrounding the first area A1 when viewed in a thickness
direction of the mask substrate. Each of the processing areas
PA has a rectangular shape, but not limited thereto. The
processing areas PA have a shape corresponding to that of
openings OP (refer to FIG. 2F) formed through the mask
MK (refer to FIG. 2F).

As described above, in the case that the first area Al has
the rectangular shape, the second area A2 has a closed-loop
shape to surround the first area Al. The second area A2 is
irradiated with the laser beam to process the mask substrate
MS. That is, the laser beam LB is irradiated onto the mask
substrate MS along the second area A2 to partially remove
the material of the mask substrate MS.

In embodiments, since the laser beam LB is split into the
laser beams by the laser beam irradiator 100 described with
reference to FIG. 1, the laser beams LB may be simultane-
ously irradiated onto two or more second areas A2 of the
processing areas PA. In embodiments, when the laser beam
LB is irradiated onto the second area A2, the stage 200
supporting the mask substrate MS moves, and thus the laser
beam LB may be continuously irradiated along the first
direction D1, the second direction D2, the third direction D3
opposite to the first direction D1, and the fourth direction D4
opposite to the second direction D2.
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The cross-sectional view taken along a line I-I' shown in
FIG. 2A has been shown in FIG. 2B after the laser beam LB
is irradiated onto the second area A2 along the first, second,
third, and fourth directions D1, D2, D3, and D4.

Referring to FIG. 2B, when the laser beam LB is irradi-
ated onto the second area A2, a first recess H1 is formed in
the mask substrate MS corresponding to the second area A2.
In detail, when a portion of the mask substrate MS corre-
sponding to the second area A2 is referred to as a processing
portion or laser-ablation portion PP, the processing portion
PP is removed from the upper surface thereof along a
thickness direction thereof, and thus the first recess H1 is
formed.

As shown in FIG. 2B, the first recess H1 is formed to have
side surfaces inclined with respect to the thickness direction
of the mask substrate MS when viewed in a cross section.
That is, a width of the first recess H1 becomes smaller as it
is closer to a bottom surface of the mask substrate MS.

When assuming that the process of forming the first recess
H1 in the processing portion PP using the laser beam LB is
a first processing process, the first processing process is
performed for several times by irradiating the laser beam LB
onto the processing process PP. For instance, the processing
portion PP is removed by about 0.5 micrometers when the
laser beam LB is irradiated once, and thus the laser beam LB
is required to be irradiated onto the processing portion PP
through a few to tens of times, thereby forming the first
recess H1. In addition, when the mask substrate MS has a
first thickness T1, the first recess H1 has a first depth DT1
smaller than the first thickness T1 of the mask substrate MS
after the first processing process is finished.

Referring to FIG. 2C, after the first processing process or
first laser ablation process is finished, the laser beam LB is
further irradiated onto the processing portion PP to perform
a second processing process or second laser ablation process
on the processing portion PP. As a result, a second recess H2
is formed in the processing portion PP to be connected to the
first recess H1. Similar to the first processing process, the
second processing process is performed by irradiating the
laser beam LB onto the processing portion PP several times.

In the present exemplary embodiment, the second recess
H2 is formed to have side surfaces inclined with respect to
the thickness direction of the mask substrate MS when
viewed in a cross section. That is, a width of the second
recess H2 becomes smaller as it is closer to the bottom
surface of the mask substrate MS. Here, the second recess
H2 has a V-shape when viewed in a cross section. In
embodiments, an angle between the side surface of the
second recess and the thickness direction may be smaller
than that between the side surface of the first recess and the
thickness direction.

After the second processing process is finished, a portion
of the processing portion PP is removed to have a second
depth DT2 substantially the same as the first thickness T1 of
the mask substrate MS due to the first recess H1 and the
second recess H2. In addition, when a portion of the mask
substrate MS, which is surrounded by the processing portion
PP, is referred to as an unprocessed portion AE, the unpro-
cessed portion AE can be separated from the mask substrate
MS after the laser beam LB is irradiated onto the processing
portion PP along the second area A2, i.e., along the closed-
loop shape.

Thus, after the second processing process is finished, the
mask substrate MS and the unprocessed portion AE are
disconnected from each other, and thus the unprocessed
portion AE is removed from the mask substrate MS. How-
ever, although the second processing process is finished, the
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unprocessed portion AE may be not completely discon-
nected from the mask substrate MS. In embodiments, when
the second processing process is finished, a portion of the
processing portion PP is removed to have a second depth
DT2 slightly smaller than the first thickness T1 of the mask
substrate MS due to the first recess H1 and the second recess
H2. In these embodiments, an additional process is required
to apply a physical force to the unprocessed portion AE to
completely remove the unprocessed portion AE from the
mask substrate MS. This will be described in detail with
reference to FIGS. 2D and 2E.

In addition, a volume of the removed material to form the
first recess H1 and the second recess H2, which are formed
by irradiating the laser beam LB, may be smaller than that
of the unprocessed portion AE. Accordingly, an amount of
the laser beam LB irradiated onto the mask substrate MS
when the unprocessed portion AE is removed by forming the
first and second recesses H1 and H2 using the laser beam LB
is smaller than an amount of the laser beam LB irradiated
onto the mask substrate MS when the first area is removed
by irradiating the laser beam LB onto the first area. There-
fore, the mask substrate MS may be protected from over-
heating and deformation while the mask substrate MS is
processed by using the laser beam LB, so that the mask
substrate MS may be more precisely processed.

Referring to FIG. 2D, after the second processing process
is finished, a gas GS is provided to the mask substrate MS
using a gas supply unit 70 provided at a side portion of the
chamber CB, and then the gas GS in the chamber CB is
absorbed and exhausted outside the chamber CB using a gas
absorbing unit 80 provided at the other side portion of the
chamber CB. Thus, the physical force is applied to the
unprocessed portion AE (refer to FIG. 2C), which is not
completely removed from the mask substrate MS during the
second processing process, and thus the unprocessed portion
AE may be substantially completely removed from the mask
substrate MS. In addition, residual products caused by the
first and second processing processes in the chamber CB are
drained by the gas GS flowing through the chamber CB, and
the mask substrate MS is cooled by the gas GS.

Referring to FIGS. 2E and 2F, a vibrator UW_P is
disposed on a bottom portion of an etching bath CN and an
etchant ET required to etch a metal material fills the etching
bath CN. In the present exemplary embodiment, the etchant
ET may be, but not limited to, a diluted hydrochloric acid.

Then, the mask substrate MS is dipped into the etchant ET
contained in the etching bath CN and the vibrator UW_P is
driven to generate ultrasonic wave vibration in the etchant
ET. As a result, the physical force is applied to the unpro-
cessed portion AE of the mask substrate MS by the ultra-
sonic wave vibration, and thus the unprocessed portion AE
may be substantially completely removed from the mask
substrate MS. In addition, when the first and second pro-
cessing processes are performed while the ultrasonic wave
vibration is applied to the mask substrate MS, an oxide layer
formed on the surface of the mask substrate MS may be
removed.

As described above, when the processing processes are
performed on the mask substrate MS and the unprocessed
portion AE is substantially completely removed from the
mask substrate MS, the openings or holes OP are formed
through the mask substrate MS to correspond to the position
of the unprocessed portion AE or the first area, thereby
manufacturing the mask MK.

As shown in FIG. 2F, in embodiments, the mask MK
includes an array of holes OP. In the illustrated embodiment,
a first wall is located between two immediately neighboring
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holes arranged in a column and a second wall is located
between two immediately neighboring holes arranged in a
row. As shown in FIG. 2, in embodiments, the first wall may
have a height (which is a distance in the thickness direction
of the mask substrate) greater than that of the second wall.

FIGS. 3A to 3C are views showing a method of manu-
facturing a mask according to another exemplary embodi-
ment of the present disclosure.

Referring to FIG. 3A, a mask substrate MS includes a
plurality of processing areas AR_1. The processing areas
AR_1 include a plurality of first areas Al, a plurality of
second areas A2, and a plurality of third areas A3. The
second areas A2 correspond to the first areas Al in a
one-to-one correspondence to surround the first areas Al. In
addition, the third areas A3 are extended in a second
direction D2, and each of the third areas A3 crosses the
second areas arranged in the second direction D2 among the
second areas A2.

The reason why the processing areas AR_1 are defined to
be different from the processing areas AR (refer to FIG. 2A)
is to perform a pre-processing process on the mask substrate
MS along the third areas A3 before the laser beam is
irradiated onto the mask substrate MS along each second
area A2.

Referring to FIGS. 3A and 3B, the laser beam LB is
irradiated onto the third areas A3 to perform the pre-
processing process on the mask substrate MS. In detail,
when the pre-processing process is performed, the laser
beam LB is continuously irradiated onto the third areas A3
while moving along the second direction D2 and a direction
opposite to the second direction D2, and thus a linear recess
HO is formed in the mask substrate MS.

In the present exemplary embodiment, the linear recess
HO includes side surfaces inclined with respect to the
thickness direction of the mask substrate MS when viewed
in a cross section as the first and second recesses H1 and H2
shown in FIGS. 2B and 2C. That is, a width of the linear
recess HO becomes smaller as it is closer to the bottom
surface of the mask substrate MS.

Referring to FIGS. 3A and 3C, the laser beam LB is
further irradiated onto the area of the second areas A2 of the
mask substrate MS, which is substantially in parallel to the
first direction D1. As a result, the first processing process is
performed on the second and third areas A2 and A3 of the
mask substrate MS, and thus the unprocessed portion AE
remains in the first areas Al.

Then, the laser beam LB is further irradiated onto the
processing portion PP corresponding to the second areas A2
as similar to the second processing process described with
reference to FIG. 2C. Accordingly, a portion of the process-
ing portion PP is removed to have a depth equal to the depth
of the mask substrate MS, and the unprocessed portion AE
may be removed from the mask substrate MS.

After that, when the processes described with reference to
FIGS. 2D and 2E are performed on the unprocessed portion
AE, the unprocessed portion AE partially connected to the
mask substrate MS may be substantially completely
removed from the mask substrate MS, thereby manufactur-
ing the mask through which openings are formed to corre-
spond to the position of the unprocessed portion AE.

FIG. 4 is a view showing a method of patterning an
organic light emitting layer of an organic electroluminescent
display device using a mask shown in FIG. 2F. In FIG. 4, the
same reference numerals denote the same elements in FIGS.
2Ato 2F, and thus detailed descriptions of the same elements
will be omitted.
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Referring to FIG. 4, an organic material deposition appa-
ratus 10 is used to pattern an organic light emitting layer on
a substrate SB. In the present exemplary embodiment, the
organic material deposition apparatus 10 may be used to
manufacture an organic electroluminescent display device.
The organic material deposition apparatus 10 includes a
process chamber PC, a first deposition source S1, a second
deposition source S2, a third deposition source S3, a transfer
rail RL, a first auxiliary chamber C1, a second auxiliary
chamber C2, a mask MK, and a chuck CK.
The process chamber PC provides a space in which an
organic material deposition process is performed to deposit
an organic material EM from the first to third deposition
sources S1 to S3 on the substrate SB. In the present
exemplary embodiment, an evaporation method is used as
the organic material deposition process. In this case, the
organic material EM is heated in the first to third deposition
sources S1 to S3 and evaporated, and the evaporated organic
material EM is deposited on the substrate SB, thereby
forming the organic light emitting layer is formed on the
substrate SB.
The process chamber PC includes an entrance portion P1
formed through a side portion thereof and a withdrawal
portion P2 formed through the other side portion thereof.
The transfer rail RL is disposed crossing the entrance portion
P1, the process chamber PC, and the withdrawal portion P2.
The substrate SB is coupled to the transfer rail RL by a frame
(not shown), and the chuck CK is disposed at an edge of the
substrate SB. Accordingly, the substrate SB may be coupled
to the mask MK by the chuck CK.
When the substrate SB and the mask MK are loaded into
the process chamber PC through the entrance portion P1 by
the transfer rail RL, the organic material EM generated from
the first to third deposition sources S1 to S3 is deposited on
the substrate SB after passing through the opening OP (refer
to FIG. 2F) of the mask MK. Thus, the organic material EM
is deposited on a predetermined position on the substrate SB
by the mask MK, and the organic light emitting layer formed
of the organic material EM deposited on the substrate SB is
patterned by using the mask MK.
Then, the substrate SB and the mask MK are transferred
to the second auxiliary chamber C2 through the withdrawal
portion P2, and the process of patterning the organic light
emitting layer on the substrate SB using the mask MK is
completed.
Although the exemplary embodiments of the present
invention have been described, it is understood that the
present invention should not be limited to these exemplary
embodiments but various changes and modifications can be
made by one ordinary skilled in the art within the spirit and
scope of the present invention as hereinafter claimed.
What is claimed is:
1. A method of manufacturing a mask, comprising:
providing a mask substrate including a first area and a
second area surrounding the first area when viewed in
a thickness direction of the mask substrate;

irradiating a laser beam on the mask substrate to at least
partly remove a material of the second area, wherein a
recess is formed in the second area by irradiating the
laser beam onto the second area and the recess com-
prises a surface inclined with respect to the thickness
direction of the mask substrate when viewed in a cross
section; and

applying a physical force to the mask substrate unpro-

cessed portion to separate the first area from the mask
substrate, thereby forming an opening through the
mask substrate,
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wherein the second area is extended in a first direction and
a second direction crossing the first direction, and each
of the first and second areas is provided in a plural
number in the mask substrate,

wherein the irradiating the laser beam comprises a pre-

processing process on the mask substrate,

wherein the laser beam is continuously irradiated onto a

third area encompassing a portion of each of two
immediately neighboring second areas when the pre-
processing process is performed, and the third area is
extended in the second direction, and wherein the laser
beam is irradiated onto an area of the second area when
the laser beam is irradiated on to the second area, and
the area of the second area is substantially in parallel to
the first direction.

2. The method of claim 1, wherein the physical force is
applied to the mask substrate by applying an ultrasonic wave
to the mask substrate.

3. The method of claim 2, wherein the mask substrate
comprises a metal material and the ultrasonic wave is
applied while the mask substrate is dipped into a solution
containing an acid.
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4. The method of claim 1, wherein the physical force is
applied to the mask substrate by supplying a gas to the mask
substrate.

5. The method of claim 1, wherein the laser beam is
irradiated several times onto the second area to remove the
material from a surface thereof along the thickness direction
of the mask substrate.

6. The method of claim 5, wherein irradiating the laser
beam comprises moving the laser beam along at least two
different directions.

7. The method of claim 5, wherein a volume of the recess
formed in the second area is smaller than a volume of the
first area.

8. The method of claim 7, wherein the recess is tapered in
when viewed in a cross section.

9. The method of claim 1, wherein after the laser beam is
irradiated onto the third area, the laser beam is irradiated
onto the second area.

10. The method of claim 1, wherein the mask is config-
ured to be used to pattern an organic light emitting layer of
an organic electroluminescent display device.

#* #* #* #* #*



